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Abstract 
 
 Approximately one million smokers die in China every year. Risk perceptions of 
smoking have been theorized as being important in explaining behaviour change and have been 
found to be associated with initiating and quitting smoking. This study examined the extent to 
which smokers in China perceive risks associated with smoking (i.e., perceived likelihood of 
getting a smoking-related disease) and the roles of socio-demographic factors (i.e., gender, age, 
ethnicity, income and education) and knowledge of the consequences of smoking in explaining 
risk perceptions of smoking. Participants included 4861 smokers from six cities in China. The 
prevalence of perceived risk for smoking was very low: 19.9% (95% CI: 17.5%-22.7%). 
Multivariable logistic regression analyses revealed that those more likely to perceive risk were in 
the youngest age group, with medium education, and higher health knowledge. Interventions 
may be needed in China to improve knowledge and perceptions about the health harms of 
smoking.  
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1. Chapter 1 
1 Introduction 
1.1 Overview of Thesis 
 
Cigarette smoking is one of the leading causes of preventable death in the world.1 Despite 
numerous efforts to reduce cigarette use,2 just over one fifth (20.7%) of the world’s population 
smokes cigarettes.1 This rate of cigarette use results in annual deaths of about six million people 
throughout the world.1 The highest prevalence rates are observed in low- and middle-income 
countries,3 where they are expected to rise.4 China has one of the highest prevalence of cigarette 
use worldwide, with nearly a third of the population currently smoking, including the majority of 
men.5 China is unique in that it has its own government-owned and operated tobacco monopoly.6 
This can be linked to many implications involving poor tobacco control policies that allow 
smoking rates to be as high as they are.  
Risk perceptions of smoking have been found to be an important determinant of smoking 
behaviour.7,8 According to the Health Belief Model,9–11 risk perceptions of smoking are defined 
as one’s “understanding of the probability of health consequences from smoking and 
[appreciation of] the severity of those consequences”12 and can be further characterized into 
perceived susceptibility (i.e., the perceived likelihood that health harms will result from 
smoking) and perceived seriousness (i.e., the perceived severity of harms due to smoking).9–11 
This thesis focuses on perceived susceptibility. Risk perceptions of smoking have been shown to 
have important effects on smoking behaviours. Previous research has found that risk perceptions 
of smoking are associated with a decrease in the likelihood of smoking initiation, 13,14 and an 
increase in the likelihood of smoking cessation,8,15–18 among other health outcomes. Thus, it is 
important to examine the prevalence of risk perceptions of smoking among daily smokers, and 
factors that associate with it, including those which have been found to associate with it in 
previous literature, being gender, 19–28 age, 19–28 ethnicity,23,29,30 education,23,31–33 income23,31–33 
and knowledge of the health consequences of smoking.23,34,35  Moreover, given the high 
prevalence of smoking in China, it is important to investigate risk perceptions of smoking among 
China’s smokers. High smoking prevalence may be indicative of generally lower risk 
perceptions of smoking among China’s smoking population. For instance, a previous study found 
that the proportion of smokers in China to respond correctly to a risk perceptions of smoking 
measure was lower36 compared to when the same measure was used for respondents in high-
income Western countries.37 Given the previously found health implications, and potential for 
population intervention, the risk perceptions of smoking are worth investigating in China.  
The aim of this thesis is to investigate the risk perceptions of smoking in China among daily 
smokers. In particular, using a large database from China, we will investigate the extent to which 
smokers perceive risks of smoking, and factors (e.g. sociodemographic) associated with the risk 
perceptions of smoking. Data for this study were obtained from the 2011-2012 Wave 4 of the 
International Tobacco Control (ITC) project, including cross-sectional data from 4861 adult 
smokers. Weighted proportions were calculated for the perceived likelihood of smoking. 
Multivariable regression analyses were performed to examine the associations between 
explanatory variables, including sociodemographic factors (gender, age, ethnicity, income, and 
education) and health knowledge, and risk perceptions of smoking, as were previously 
investigated in other literature. This thesis focuses on the perceived likelihood of harms due to 
smoking. While a measure of perceived severity of harms due to smoking was available in the 
ITC dataset, it had a high number of missing cases and therefore was not included in the thesis.  
The results of this study will be important for informing tobacco control efforts in China.  
This first chapter provides an introduction to this thesis and describes its objectives. Chapter 
2 provides an overview and critique of existing literature, including a more detailed description 
of smoking in China, how perceived likelihood is conceptualized by the Health Belief Model, 
and how certain factors may differently associate with perceived likelihood. Chapter 3 describes 
the methods of this study, including data collection, and analyses, while Chapter 4 presents the 
results. Finally, Chapter 5 provides a discussion of the study descriptive and analytic findings, 
and provides implications for future tobacco control and research. This final chapter also 
provides a conclusion to this study, as well as outlines its strengths and weaknesses. 
1.2 Objectives and Rationale 
 
The aim of this thesis is to describe the prevalence of risk perceptions (i.e. perceived 
likelihood of developing a negative smoking related health outcome) and examine factors 
associated with risk perceptions in a large sample of daily smokers in China.  
The objectives of this thesis are twofold: 
Objective 1: To estimate the extent to which smokers in China perceive risks associated 
with smoking. 
Drawing on a measure of perceived likelihood that aligns with the Health Belief Model, 
we will estimate the prevalence of daily smokers in China that perceive the likelihood of health 
risks due to smoking. More specifically, we will identify the proportion of smokers in our sample 
who perceive they are “much more” likely to develop a smoking-related disease, compared to a 
non-smoker, if they continue to smoke as they do now, applying weights adjusted to China’s true 
population and a 95% confidence interval.    
Objective 2: To examine which factors (sociodemographic and health knowledge) are 
associated with risk perceptions of smoking among smokers in China.  
 We will gain a better understanding of factors associated with risk perceptions of 
smoking, including the perceived likelihood of developing a smoking-related disease as 
described above. We will develop a model of risk perceptions assesses the relative roles of 
explanatory variables described in this literature review that exist in our dataset, including age, 
gender, ethnicity (Han vs. non-Han), highest achieved education, monthly household income and 
knowledge of the health consequences of smoking, while adjusting for the confounding of other 
explanatory variables and our covariates: current city of residence, cohort of recruitment and 
cigarettes consumed per day. This research is expected to address several gaps in the literature 
and improve our understanding of risk perceptions of smoking in China. 
Chapter 2 
2. Literature Review  
2.1 Cigarette Smoking: A Persistent Global Health Issue 
 
 Cigarette smoking has been found to increase the risk of many severe negative health 
consequences including: adenocarcinoma (lung cancer), asthma, liver, breast and colorectal 
cancer, prostate cancer, chronic obstructive pulmonary disease (COPD), tuberculosis, stroke, and 
congenital malformations.38 Despite the health risks associated with cigarette smoking, nearly 
one fifth of the world’s population smokes,2,5 with the highest prevalence of smoking found in 
low- and middle- income countries.5 Worldwide, approximately six million deaths are attributed 
to smoking each year, with  low- and middle-income nations disproportionately affected.3 
Smoking rates are projected to rise in many of these countries if current trends continue.4 
According to a 2017 World Health Organization (WHO) report, compared to low- and middle-
income countries, a greater proportion of high-income countries currently have more stringent 
tobacco control policies and programs including warning labels on cigarette packaging, mass 
media campaigns targeting tobacco use, national television, radio and print media bans, and 
taxation of cigarettes exceeding 25% of the retail price.2 Thus, research is needed to inform the 
development of tobacco control initiatives in low- and middle-income countries to gauge how 
current policies influence health outcomes, and to identify where improvements can be made.  
2.2 Smoking in China 
 China is currently the largest consumer of tobacco in the world, comprising almost a third 
of the world’s smokers. Over 300 million people in China are current smokers representing 
nearly one third of the population.5,39 China is also unique in that it has a comprehensive 
government-owned monopoly on tobacco. The China National Tobacco Company (CNTC) and 
State Tobacco Monopoly Administration (STMA) are responsible for over 90% of the cigarette 
market in China.6 Through the CNTC, the STMA controls all aspects of the tobacco industry in 
China, including tobacco farming, processing manufacturing and distribution of tobacco in 
addition to use of materials and machinery.41 
The 2015 Global Adult Tobacco Survey (GATS) conducted in China found that 52.1% of 
men, and 2.7% of women in China currently smoke,2 thus indicating a notable gender divide. 
This gender gap may reflect how smoking is less socially desirable for women than men in 
China.42 Previously, in most high-income countries the incidence of smoking initiation among 
women has lagged behind that of men; however, as a nation progresses through the stages of the 
tobacco epidemic, the smoking rates of young women rise just as they did decades earlier for 
men, in some cases to an equal prevalence.43 This has often reflected previous success of 
feminist and women’s suffrage movements in attaining greater equality, in both human rights 
and societal expectations, for women.43 Similarly, in China it is known that acceptability of 
female smoking significantly increased between 2006 and 2009, and among women, tobacco use 
is currently most prevalent among younger cohorts.42 Therefore, experts anticipate that overall 
rates of female smoking are likely to increase over time in China.43,44 
An estimated 1 million people die from smoking related diseases in China annually; this 
figure is expected to nearly triple, from approximately 600,000 deaths in 1996 to approximately 
1,500,000 per year by 2050.45 In fact, 8.9% of all mortality in China in 2008 was attributable to 
smoking cigarettes, at a nation-wide health care cost of approximately $6.2 billion (USD).6 The 
population-level impact of smoking on the health of China is therefore a clear public health 
priority. 
2.3 The Health Belief Model and Risk Perceptions of Smoking 
The Health Belief Model, a theory that describes how health behaviours (e.g. smoking) are 
influenced by certain belief patterns,9–11 informs our conceptualization of risk perceptions in this 
thesis and factors that might explain risk perceptions of smoking. The model was developed in 
1952 by Hochbaum, Kegels and Rosenstock to predict changes in health risk behaviours, and 
was initially oriented toward disease prevention.9,11 Since its inception, this model has been 
revised a number of times to understand health behaviours11 to inform treatment and policy.9 
This model has been applied to numerous public health concerns9 and can be directly applied to 
smoking.10  
A central component of this model are risk perceptions including perceived susceptibility to 
disease (or perceived likelihood of disease) and perceived seriousness of disease (or perceived 
severity of disease). Perceived susceptibility is defined as “the perception of the likelihood of 
experiencing a condition that would adversely affect one's health.”11 Perceived seriousness is 
defined as “beliefs a person holds concerning the effects a given disease or condition would have 
on one's state of affairs.”11 A frequently cited figure that illustrates this model is shown in Figure 
1 below. As shown in this figure, in addition to these risk perceptions, the model includes 
“modifying” factors deemed to be important explanatory variables for both risk perceptions and 
the likelihood of behavioural change. Modifying factors refer to personal factors, and 
environmental cues in addition to the perceived threat of disease that ultimately influence one’s 
thought processes while contemplating a behaviour change, or when following through on one.  
Personal factors include gender, age, gender, ethnicity, socioeconomic status, and knowledge of 
the impact of a health behaviour,9 many of which comprise associations with risk perceptions of 
smoking that we wish to test in this study.  
While there are various conceptualizations of risk perceptions of smoking that influence 
the multiple ways they are operationalised,46 Slovic (1998) considers the Health Belief Model 
when broadly defining risk perceptions as “understanding of the probability of health 
consequences from smoking and [appreciation of] the severity of those consequences.”12 Overall, 
this model highlights that in order to change one’s behaviour to reduce negative health 
consequences, they must first consider their perceived threat of such consequences, which 
ultimately requires one to have individual risk perceptions (being perceived likelihood and 
severity). By applying this model to cigarette smoking, one can deduce that risk perceptions of 
smoking may be important in explaining behaviour change (such as initiating or quitting 
smoking). Although the Health Belief Model includes two different conceptualizations of risk 
perceptions, including perceived likelihood and perceived severity, this thesis will focus solely 
on the perceived likelihood component. Although both measures of risk perceptions are integral 
to the Health Belief Model,9–11 a measure of perceived severity available in the ITC dataset could 
not be used due to a high rate of missingness (15.7%), likely due to poor measure 
interpretability.   
 Indeed, risk perceptions have been found to be negatively associated with smoking 
initiation,13,14 positively associated with smoking cessation,8,15–18 quitting attempts,18,47 
motivation or desire to quit,48–50 intention to quit36,51–54 and readiness to quit.47,55  Longitudinal 
studies have also found that smokers who believed that they were at higher risk of developing 
future smoking related cancers at baseline were more likely to have quit by follow-up.18,56,57  
Given that risk perceptions have been shown to be important in explaining smoking behaviour, it 
is important to understand what factors explain risk perceptions, especially among daily smokers, 
who are particularly impacted by their health behaviour. Risk perceptions of smoking are known 
to differ among smoker and non-smoker groups, with smokers typically having higher perceived 
likelihood of various smoking-related health consequences than non-smokers.58–67  
  
 
Figure 1. The Health Belief Model as outlined by Hochbaum, Kegels and Rosenstock (1952) and 
illustrated by Glanz, Rimer and Lewis (2008).9 
 
2.4 Risk Perceptions of Cigarette Smoking in China 
 
As noted above, the focus of the present thesis is on the risk perceptions of cigarette 
smoking in China. Studies conducted in China on the risk perceptions of smoking are generally 
consistent with the broader literature described above, with risk perceptions associated with 
decreased smoking behaviour.  For example, a study conducted in China found that worrying 
about future damage caused by smoking, even only “a little,” compared to “not at all”, was 
associated with a 4.01 (95% CI: 3.02 to 5.33) greater odds of intending to quit among smokers.36 
Additionally, smokers who answered that they were “very much” worried about future damage 
caused by smoking had a 10.44 (95% CI: 7.59 to  14.38) greater odds of intending to quit 
compared to those who were “not at all” worried.36 Therefore, given its theoretical impacts on 
health behaviour, and supporting empirical evidence, research is needed to improve our 
understanding of the risk perceptions of smoking in China. It should be noted, however, that 
China’s unique culture and history of tobacco use may impact risk perceptions of smoking 
among smokers in China. As such, findings relating to the  prevalence of risk perceptions as well 
as factors associated with risk perceptions may not be consistent with findings obtained from 
other countries. 
2.4.1 Prevalence of the Risk Perceptions of Smoking in China 
Research to date suggests that risk perceptions of smoking are not exceptionally prevalent 
in China.  Yang and colleagues (2010) found that over a third of smokers in China reported 
feeling “not at all” worried about future damage from smoking.36 Findings from Wave 3 of the 
International Tobacco Control (ITC) China project found that 68% of smokers in China were “a 
little” or “very” worried about smoking damaging their health.68 In contrast, 87.8% of ITC 
participants in Canada, USA, Australia and the UK  had “moderate” to “high” worry of future 
damage to their health, when using a similar measure.37  
While the prevalence of  risk perceptions of smoking can vary depending on the type of 
measure that is used,69 a number of studies conducted in China have shown similar results.70 
Persoskie and colleagues (2014) found that smokers had a mean rating of 2.41 (SD = 0.83) on a 
5-point scale assessing their perceived likelihood of future cancer risk relative to similarly aged 
people of China’s general population, where 1 represented extremely unlikely, and 5 represented 
extremely likely.70 Additionally, compared to the average non-smoker, smokers are significantly 
less likely to believe that they will personally develop cancer relative to the average person their 
age.70 This is consistent with studies demonstrating that smokers tend to hold an optimistic bias, 
i.e. a smoker's tendency to underestimate their personal health risk, 71–74 usually relative to the 
that of the average smoker.58,65–67 This study measured smokers’ perceived likelihood of 
developing cancer in China, and further, using a sample of smokers and non-smokers, rather than 
a sample of daily smokers, as we have proposed. To our knowledge, it is the only study in China 
to measure perceived likelihood for any smoking-related consequence. Therefore, more research 
is needed, and this thesis provides that research.  
 
2.5 Factors Associated With Risk Perceptions of Smoking 
Returning to the Health Belief Model shown in Figure 1, a number of variables are deemed 
to be important explanatory variables for risk perceptions, including sociodemographic variables  
and knowledge of the health consequences of the behaviour.9 Additionally, cigarette 
consumption has been shown to be an important variable associated with risk perceptions of 
smoking.13,14 Below we describe existing knowledge regarding these associations. For each 
explanatory variable, the findings across all found studies are described, followed by results 
found specifically for data collected in China.  
2.5.1 Gender 
Among articles investigating the risk perceptions of smoking, females tended to have a 
greater perceived likelihood of developing smoking-related health consequences, compared to 
males,19–28 although gender differences were not always statistically significant.75–78 In the 
majority of studies, women were more likely than men to perceive the risks of smoking in terms 
of developing smoking-related health outcomes, within smoker-only samples,20,23,27,79,80 but also 
within studies that included non-smokers in the sample.19,22,25,26,81  
Men are theorized to be less likely than women to perceive risks due to gendered 
structures, such as traditional gender norms. As such, they engage in “riskier” and potentially 
more self-destructive behaviours that are associated with “masculine” social roles.82 These roles 
are theorized to be reinforced by society, with men socialized to perceive risks in a different way 
than women.82  
One study was found that evaluated the relationship of gender with perceived likelihood 
in China; null associations were found, in contradiction to much of the literature.77  This study 
investigating the general population in China found that gender was unrelated to both one’s 
personal perceived likelihood of developing cancer and to the perceived likelihood of developing 
cancer relative to the average person their age, adjusting for smoking-status.77 
Therefore, it seems that findings in China contradict the bulk majority of literature 
explaining how gender associates with risk perceptions of smoking. Differences in study findings 
may be attributable to the fact that few women in China smoke39 compared to Western countries 
that have produced the majority of the research in this area. 19,20,22,23,25–27,79,83,84 Therefore, where 
sample sizes permit, it will be important to examine whether gender is related to perceptions of 
the likelihood of developing smoking related consequences among China’s smokers.  
2.5.2 Age 
The empirical research examining the association between age and risk perceptions of 
smoking has yielded mixed results. Many studies, including samples restricted to smokers and 
samples of both smokers and non-smokers have found that, generally, younger people are less 
likely to perceive the likelihood of risk, or have lower perceived likelihood scores on average, 
compared to older people.53,85–88 However, other studies have found that older people are less 
likely than young people to perceive the likelihood of developing various smoking-related 
diseases.23,78,79,86  For example, one study found a significant negative correlation between age 
and the perceived likelihood of developing smoking-induced cancer, oral disease, and 
reproductive mortality, among smokers smoking at least 10 cigarettes per day.23  
These relationships between age and risk perceptions of smoking, particularly perceived 
likelihood of developing various smoking-related diseases, have also yielded non-significant 
results in both high-income Western countries, and in China, specifically.77,89,90  For example, a 
study of smokers and non-smokers in China found no significant association between age and 
one’s personal perceived likelihood of developing cancer, either in absolute terms, and relative to 
that of the average person of the same age category, adjusting for smoking status and other 
sociodemographic factors.77 
Some tobacco experts have suggested that, compared with older smokers, younger 
smokers are more likely to believe that they will have little difficulty quitting and are unlikely to 
become addicted; thus they start smoking despite knowing the long-term risks.91 Consequently, 
younger people may be less prone to perceive risk in response to measures assessing one’s 
personal perceived likelihood. Further, researchers have argued that by underestimating the 
short-term risks exclusively, youth become addicted, and ultimately unable to quit as they 
initially planned,12,92–94 while older people, having already smoked for an extended period of 
time, have been found to downplay the now impending long-term consequences of their 
behaviour.23,79  Therefore, the effects of age on the risk perceptions of smoking are 
conflicting,23,53,79,85–87,95,96 and may depend on how risk perceptions are assessed.12,78,91–94    In 
China, the few studies that have been conducted have yielded non-significant differences in risk 
perceptions by age.77  
2.5.3 Race and Ethnicity 
 Within the larger risk perceptions of smoking literature, the effects of one’s racial or 
ethnic background have shown mixed associations with risk perceptions: one study found that 
non-White ethnic minorities (Asian Americans) rate themselves higher on a scale that includes a 
measure assessing perceived likelihood of developing a smoking-related disease,97 whereas other 
literature suggests that Caucasians score higher, or are more likely to perceive likelihood for 
various smoking-related health consequences.23,29,30 Additionally, many other studies found any 
association between race or ethnicity and perceived likelihood of developing various smoking-
related consequences to be non-significant.23,27,78,90,98 Much of the aforementioned research was 
also conducted in Western countries with predominantly Caucasian populations,23,78,97,99 which is 
problematic when compared to China, where Han ethnicity comprises the majority of the  
population (94%).100 When discussing a review of the literature, Winkleby and Cubbin (2004) 
argue that, while sociocultural differences are a factor, racial and ethnic differences in health 
behaviours are largely driven by differences in socioeconomic status (SES);101 it is difficult to 
determine whether these phenomena apply to China, as, to the best of our knowledge, no 
previous study has researched differences in smoking-related risk perceptions by ethnicity in 
China. 
2.5.4 Education 
 Studies assessing the effects of education on the risk perceptions of smoking have shown 
generally positive associations, with non-smokers with higher educational attainment having a 
greater likelihood of perceiving that smokers are at an increased likelihood of developing a 
smoking related disease,23,31,33,78,88,102 and smokers with higher educational attainment also 
perceiving greater risks.23,31–33  For example, in a sample of smokers and non-smokers in France, 
higher education was associated with a higher likelihood of reporting that at least 50% of 
smokers will die of a smoking-related disease.32 However, numerous studies have found non-
significant associations between educational attainment and risk perceptions of 
smoking.23,30,33,76,79,103,104  
There are several potential theories that address how education can affect health 
behaviours,105,106  and potentially risk perceptions; however, not all apply to the risk perceptions 
of smoking. One theory is that greater education leads to greater exposure to information 
relevant to the health risks of smoking. Cutler (2010) also argues that those of higher educational 
backgrounds are more likely to internalize information that they are exposed to, including 
information from universal programming.106 Garrett and colleagues (2015) therefore recommend 
targeting future health warnings toward those of low socioeconomic status,107 given that many 
current marketing campaigns are less effective among such people. Nevertheless, much of the 
theory here bases itself on high-income Western countries, and therefore discretion is needed 
when investigating how it may apply to China.105,106,108–110     
Although there is substantial evidence demonstrating a positive association between 
higher levels of education and greater perceived likelihood of various adverse health outcomes, 
23,31,33,78,88,99 one study demonstrated a negative association between education and risk 
perceptions.67  McCoy and colleagues (1992) found a significant negative correlation between 
risk perceptions and education. However, other factors, including smoking status, were not 
adjusted for in the analysis.67 Given that smoking status is a significant predictor of risk 
perceptions, this could cause confounding.58–67  
Only one study to date has been conducted in China, and this study found no significant 
differences in risk perceptions of smoking by educational attainment.70 However, given that this 
study was conducted in only two cities, and that the study included a sample of both smokers and 
non-smokers, further research is needed to examine whether education may be associated with 
risk perceptions among smokers in China.  
2.5.5 Income 
Previous studies have found that higher income is significantly associated with greater 
mean perceived likelihood scores for the development of various diseases.23,77,111 One study 
found that higher income was associated with higher risk perceptions (unspecified) among a 
mixed (smoker and non-smoker) nationwide sample of Americans.99 Some studies found non-
significant associations.32,79,81     
As noted for education, people of higher income may have greater access or exposure to 
information about the health risks of smoking compared with people of lower income.105,106 
Additionally, differences in risk perceptions by income may be explained by social networking 
and resource allocation.105,106 Specifically, individuals with lower income are significantly more 
likely to have friends who are smokers,37 and therefore smoking may be more socially acceptable 
among their social networks.112Also, individuals with lower socioeconomic status have less 
access to prevention and cessation-related resources, which may also impact their likelihood of 
smoking and risk perceptions of smoking. 105,106   
One study was found that investigated the relationships between risk perceptions and 
socio-economic variables in China. This study found a positive relationship between income and 
perceived likelihood of cancer risk relative to the average person of that age, adjusting for 
smoking status and other sociodemographic factors.77 This finding is consistent with the broader 
literature; however, given that only one study was found examining this association in China, 
further research is needed. 
2.5.6 Knowledge of the Consequences of Smoking  
 Weinstein (2001) argues that to assess the risks of smoking, individuals must first know 
about the health consequences of smoking.46 However, health knowledge alone is not enough. 
Even those who are aware of the health consequences of smoking must also perceive themselves 
to be at risk if they smoke.113  Health knowledge about the consequences of smoking has been 
found to be positively associated with risk perceptions.23,34,35 For example, Oncken and 
colleagues (2005) found that among smokers, knowledge of the consequences of smoking was 
associated with greater perceived likelihood of developing cancer, pulmonary disease, 
cardiovascular diseases, reproductive difficulties, death, and disability.23 However, to our 
knowledge, these relationships have not been investigated in China. 
 Health knowledge is also one of several “personal factors” in the Health Belief Model, 
which are said to directly influence or associate with risk perceptions.9 For this study, we wish to 
test how such personal factors associate with risk perceptions.  
2.5.7. Other Potentially Important Covariates 
A few studies have found a positive association between number of cigarettes smoked per 
day and perceived likelihood of developing smoking-related negative health 
outcomes,33,49,76,78,114,115 suggesting that heavier smokers may have greater risk perceptions of 
smoking than light smokers.  All studies were conducted in high-income countries.49,76,78,114,115  
No studies to date have examined whether cigarette consumption is related to risk perceptions in 
China.   
Although theories explaining the association between the number of cigarettes consumed, 
and risk perceptions of smoking are limited, one theory is that smokers tend to attribute smoking 
risks (e.g. of developing lung cancer) to consuming more cigarettes than their own level of 
consumption.33 Peretti-Watel and colleagues (2007) examined what threshold of daily cigarette 
consumption could be attributed to increased perceived lung cancer risk and found that smokers, 
on average, attributed risk to daily rate that was higher relative to their own, which thus indicates 
risk denial.33 They found that risk denial was less common among heavier smokers (those 
consuming more per day), while personal fear (a measure of personal perceived likelihood of 
developing lung cancer) was actually higher.33  Therefore, while all smokers may adopt these 
thought processes, they are more common among those who smoke less, as heavier smokers are 
less able to deny the risks associated with smoking.  
Another variable that may be related to risk perceptions is city of residence. Cities in 
China can be vastly different in terms of their population, location, tobacco industry presence 
and tobacco control policies. For example, certain regions of China have seen greater 
infrastructure investment than others, likely causing certain urban centers, such as Beijing and 
Shanghai, to modernize more rapidly than others.116 Similarly, some cities, such as Beijing and 
Shanghai are more affluent than others. Others cities in China are also major tobacco 
producers117 and or have greater cigarette brand availability.118 While federal policies are 
consistent throughout China, certain regions and their municipalities have autonomy over certain 
laws concerning tobacco control, as well as how they are enforced.68 We therefore anticipate that 
there could be differences in risk perceptions of cigarettes across the cities. Indeed, to date, one 
study conducted in China found differences in the risk perceptions of smoking between two 
cities (Beijing and Hefei) in China.77  Specifically, they found differences between the urban 
areas of both cities, such that participants in urban Hefei were significantly less likely to perceive 
risks of smoking than those in urban Beijing.77  Given that previous studies have found 
differences between Beijing and Hefei, 77  there may therefore be heterogeneity between 
participants from these city in terms of risk perceptions of smoking.119  
2.6 Knowledge Gaps 
Overall, research examining the risk perceptions of smoking in China has been limited.  
While several studies have included risk perceptions of smoking as a covariate or explanatory 
variable, relatively few have examined risk perceptions as the outcome variable.36,70,120–123 
Among the most relevant of these was a study by Yang and colleagues (2010)36 which used data 
from Wave 1 of the International Tobacco Control (ITC) China study conducted in 2006. The 
Yang study measured risk perceptions of smoking, and examined a sample restricted to smokers 
only. However, the primary outcome of their study was health knowledge, rather than risk 
perceptions of smoking. 36  To our knowledge the most comprehensive study of risk perceptions 
in China was conducted by Persoskie and colleagues who examined associations of city, income, 
education, age, gender, smoking status and city of residence with one’s own perceived likelihood 
of developing cancer using a sample of both smokers and non-smokers. However, the sample 
was restricted to two Chinese cities, Beijing and Hefei.70  
Our study expands on this previous research by including samples from six Chinese 
cities70 and by expanding the range variables to include cigarettes consumed per day and 
ethnicity. Additionally, to our knowledge this will be the first study to investigate whether 
ethnicity and health knowledge are associated with risk perceptions of smoking. Our study 
population differs slightly from the Persoskie et al.’s study, as we wish to investigate factors 
associated with risk perceptions of smoking among smokers in China specifically, rather than 
among the general population of China.70 
As described above, some findings in previous research are mixed. Thus, it is important 
to clarify these associations. For example, the associations of age are mixed, with some positive 
associations, some negative associations23,78,79,85–87 as well as some null findings. However, only 
a few studies, mostly conducted in high-income Western countries, found null effects.89,90  
Our study will be one of the first to measure the prevalence of risk perceptions of 
smoking among smokers in six cities in China, and the first to do so using our measure of 
perceived likelihood informed by the Health Belief Model.  While Yang and colleagues (2010) 
conducted similar research using data from previous waves of the ITC surveys they used a 
measure of risk perceptions that reflected worrying about health consequences rather than the 
likelihood of health consequences.36 Additionally, they were not looking at risk perceptions of 
smoking as an outcome.  
This study will be important for examining an under-researched concept (risk perceptions 
of smoking) in a country which has the highest prevalence of smoking internationally.39,68  
Further, this study contributes to the larger literature on risk perceptions of smoking, given that 
the majority of research to date has focused on risk perceptions among smokers in Western 
countries. 
Chapter 3 
3. Methods 
This study used secondary cross-sectional data from Wave 4 of the International Tobacco 
Control (ITC) China Project. The goal of the ITC Project is to measure the impact of national 
level tobacco control policies of the World Health Organization’s Framework Convention on 
Tobacco Control (FCTC),124 in 29 countries to date.68,125 The goal of the ITC-China project is to 
examine the patterns of smoking in six cities in mainland China, as well as the impact of tobacco 
control policies so that they could be compared to policies in other countries.68 As part of the 
ITC-China project, surveys of the general population have been conducted in China, roughly 
biennially, since 2006. The study uses a longitudinal cohort design with a replenishment sample 
of smokers added at each survey wave to replace those lost due to attrition. The most recent 
survey was conducted between 2013 and 2015, but is not publicly available.68 This thesis will 
therefore use Wave 4 data, which was collected in 2011-2012. 
3.1 Participants 
 Participants included in ITC China Wave 4 were 5,082 adults (18 years of age or older) 
smokers, 472 quitters and 1840 non-smokers living in seven cities in China: Beijing, Changsha, 
Guangzhou, Kunming, Shanghai, Shenyang, and Yinchuan.i At each survey wave, participants 
from earlier waves were re-contacted, and a replenishment sample was also recruited to account 
for those lost to attrition. This included a replenishment of 1840 current smokers, recruited in 
wave 4 in addition to 3237 smokers who were recontacted.126 Figure 2 provides a detailed 
illustration of how each wave contributed participants to the full sample in wave 4. Adults living 
                                                 
i 10 smokers and 3 non-smokers were excluded from any analyses due to various reasons that 
were undisclosed by the ITC China Wave 4 technical report.126 
in jail, certain institutions (e.g. university residences, hospitals, or seniors’ residences), private 
businesses, and mobile populations were also ineligible. 
 
Figure 2. An illustration of the distribution of smokers who were followed-up or lost to follow-
up between cohort waves, as originally provided by the ITC China Wave 4 technical report.126   
3.1.1. Study Population 
 This thesis aims to investigate the risk perceptions of smoking among smokers. As such, 
for the purposes of the current study we only examined the adult smoker sample from the ITC 
China study. Although the ITC China survey included non-smokers and quitters, the outcome 
variables of interest were smoker’s perception of their personal risk of developing a smoking 
related disease; therefore, it did not include relevant questions for non-smokers/quitters. ITC 
defined smokers as adults (18+ years) who have smoked at least 100 cigarettes in their lifetime 
and currently smoke at least once per week. With this definition, the sample was restricted to 
5082 adult current smokers before implementing a complete case analysis, in which 4861 adult 
current smokers were included.  
3.1.2. Sampling 
 ITC China used a multistage clustering quota-sampling design a target of 800 adult 
smokers and 200 non-smokers within each of the seven cities (regarded as strata in this sampling 
design) for a cumulative target of 5600 adult smokers, and 1400 non-smokers. Sampling design 
in Wave 4 was constructed so that randomly selected Jie Dao (street districts) acted as primary 
sampling units, with probability of selection being proportional to population size of said district 
in each city. Researchers then randomly selected Ju Wei Hui (residential blocks) within each 
district that acted as secondary sampling units; 300 randomly-sampled houses nested within 
these blocks were selected so that information on age, gender and smoking status could be 
collected from each adult living in the 300 houses.  
These 300 houses were then randomly ordered so that adult smokers and non-smokers 
could be approached for an interview survey; one male smoker and one female smoker were 
interviewed per household when available, as well as one non-smoker of any gender. When there 
was more than one person per sampling category in a household, the next birthday method (i.e., 
selection of the person whose birthday is next) was used to select the participant.126  At Wave 4 
these same participants were re-contacted, while replenishment involved contacting more of the 
enumerated 300 houses in the same initial order used, or otherwise sampling, enumerating, and 
randomly ordering more houses within the same neighbourhood block. The city of Kunming 
differed in that it additionally re-contacted houses that were contacted in previous waves that 
initially provided no participants. This sampling design intended to sample 40 adult smokers and 
10 adult non-smokers per secondary sampling unit (i.e. per sampled residential block). Full 
sampling details are available in the ITC China Wave 4 technical report.126 
3.2 Procedure 
3.2.1. Data collection procedures 
 The ITC China Wave 4 survey shares many common features with other ITC surveys, 
with modifications to match the China-specific context. Surveys were translated from English to 
both Chinese languages (i.e Mandarin and Cantonese). Face-to-face interviews were conducted. 
Interview-format for survey implementation is advantageous in that it facilitates the collection of 
more complex, accurate information, while also providing better response or completion rates.127  
 Interviewers initially contacted sampled eligible participants, including those sampled in 
previous waves, and new, replenishment participants recruited in Wave 4, and invited them to 
participate in the study. They also reiterated the confidentiality of the survey. Participants were 
given the survey and remunerated for their participation (20 yuan for smokers). Interviewers 
were trained on how to enumerate households and conduct the interviews.126 Interviews were 
monitored with quality assurance checks of randomly selected interviews. MP3 recordings of 
interviews were collected by data manager along with forms and surveys to assure data quality, 
before sending data to China’s Center for Disease Control and Prevention.126 A detailed 
description of data collection procedures is available in the technical report.126  
3.2.2 Survey Weights 
 ITC China Wave 4 unscaled and rescaled cross-sectional weights were applied to our 
analyses. Rescaled weights refer to those that are applied to accurately represent the actual 
population within China, and were applied to descriptive statistics in this sample, such that the 
true prevalence of perceived likelihood could be calculated. Weights were initially not scaled to 
represent actual population of smokers within cities. These unscaled weights rather treated cities 
equally, as they were in sampling design, such that a similar proportion of participants was 
collected from each city. Unscaled survey inflation weights adjusted the sample proportions to 
reduce any bias in results due to overrepresentation by a particular city (see: Chapter 3.1.2: 
Sampling, for details), and therefore were applied to any differential analyses (multivariable and 
analyses).  Full details involving weighting are available in the technical report. 33 Unweighted 
analyses are also available in the appendix (see: Appendix Table A1), while weighted analyses 
are presented in the next chapter.    
3.3. Measures 
 All measures used in analyses for this study are described below. A table listing the 
measures used in this study, including their original question stems and responses are provided in 
the appendix (see: Appendix - Table A4) 
3.3.1. Outcome: Risk Perceptions of Smoking 
 There were two measures of risk perceptions of smoking as conceptualized by the Health 
Belief Model in the ITC China Wave 4 survey: the perceived likelihood of getting a smoking-
related disease and perceived severity in terms of years of life lost such that one gets a smoking-
related disease. As perceived likelihood is the focus of this thesis, only this measure was used.  
3.3.1.1 Perceived Likelihood  
To measure perceived likelihood of getting a smoking-related disease, participants were 
asked: “If you continue to smoke as much as you do now, compared to a non-smoker, what are 
the chances that you will get a smoking-related disease?” with the following response options: 
“much more likely,” “somewhat more likely,” “a little more likely,” “just as likely,” “less 
likely.”  Participants were also permitted to respond with “don’t know” or refuse an answer. 
Refused answers (n=42) were treated as missing data. Response options were dichotomized such 
that “much more likely” was coded as 1, and all other responses (“somewhat more likely”, “a 
little more likely”, “just as likely”, “less likely”, “don’t know”) were coded as 0. When reporting 
this outcome, we refer to the “much more” response as the outcome variable of interest in our 
analyses, with all other levels of perceived likelihood reflecting the reference group. 
While ordinal and nominal treatments of this variable were considered for analyses, we 
opted toward dichotomizing in order to produce a single, clinically interpretable odds ratio. 
Additionally, doing so avoids potential violation of ordinal assumptions, given that “somewhat 
more likely” and “a little more likely” are ambiguous in meaning, and difficult to order. 
Multinomial analyses also could be problematic, given potentially small cell sizes in analyses 
that cross-tabulate our outcome by explanatory variables. Lastly, those who endorse “much more 
likely” are considered to have an accurate assessment of personal risk from smoking given 
conclusive evidence that smoking causes many health harms. Interpreting how participants 
differently answer “somewhat more” or “a little more” to our measure is not as clinically useful. 
For similar reasons, our choice of coding is consistent with previous research.77 
3.3.2. Explanatory Variables 
 Explanatory variables included in our analytic model were those that have been shown by 
previous studies to be linked to risk perceptions of smoking, and were available in our dataset. 
They include: age, gender, ethnicity, socioeconomic status (education and income), city of 
residence, cigarettes smoked per day, and knowledge regarding the health consequences of 
smoking.   
3.3.2.1. Gender 
 Gender was measured using the question “what is your gender?” with options to respond 
as either male or female. This dichotomous measure was coded so that male gender reflected the 
referent group.  
3.3.2.2. Age 
 Age was measured with an open-ended question: “What is your date of birth?” 
Respondent`s age was subsequently calculated and categorized into age groups 18-39, 40-54, and 
55+ years of age. A continuous age variable was considered for use in the analyses. However, 
preliminary analyses revealed violation of the assumption of linearity on the logit scale needed to 
satisfy the use of logistic regression,119 as indicated by bivariate Hosmer-Lemeshow goodness of 
fit tests at an alpha = 0.1 significance level. Further, past studies have also categorized age 
groups (i.e. young adult or middle-aged adults versus older adults and the elderly) in their 
analyses so that they can deduce the distinct ways each age group differently perceives 
risk.87,128,129 Therefore, doing so here would be consistent and would allow for comparisons with 
previous research. Ages 18-39 were collated into a single category to provide a single category 
with sufficient sample size. Otherwise, age 40 was chosen to signify middle age, while age 55 
was chosen to signify older adulthood, as that is the average age of retirement in China.130   
3.3.2.3. Ethnicity 
 Participants were asked: “what is your ethnic group?” with the options “Han,” “Zhuang,” 
“Man,” “Hui,” “Miao,” “Uygur,” “Yi,” “Tujia,” “Mongolian,” “Tibetan,” or “Other.” 
Participants were also allowed to refuse to answer (n=6); these responses were treated as missing 
data. Ethnicity was coded as a dichotomous variable with Han people, comprising 93.0% of our 
sample, and all other ethnicities combined into a single category due to small individual cell size.  
“Other ethnicity” was the referent group in our analyses.  
3.3.2.4. Standardized Highest Level of Education 
 Highest level of education was provided as a standardized measure by the ITC Project. 
Participants were asked “what is your highest education?” Response options were “no 
education,” “elementary school,” “junior high school,” “high school or technical high school,” 
“college” and “university or higher.” These were categorized into three groups, the lowest 
comprising those who have an elementary school education or no education, an intermediate 
group which includes those who have high and middle-school education, and the highest 
education category of those with college education or higher.  These categories were 
standardized by census data from China. Participants were also allowed to refuse or declare that 
they did not know their highest level of education; both answers were treated as missing data 
(n=34). 
3.3.2.5. Monthly household income 
 Income was measured with the question, “in the last year, on average, how much was 
your total income per month of your household,” with the categorical responses “<1000 Yuan” 
“1000-2999 Yuan,” “3000-4999 Yuan,” “5000-6999 Yuan,” “7000-8999 Yuan,” “7000-8999 
Yuan,” and “9000 Yuan or above.” Participants could also indicate that they did not know their 
income, or refuse to answer the question; these answers were collated into a single category that 
was included in our analyses. Consistent with other ITC studies examining self-reported 
income,8 non-stated answers (refused and “don’t know”) were included as a separate category in 
our models.  Income was therefore treated as categorical variable with the above categories, 
except that the lowest two categories were combined into a “<2999 Yuan” category, and the 
highest two income categories were combined into a “7000+ Yuan” category due to insufficient 
individual cell sizes.  
3.3.2.6. Knowledge of the Health Consequences of Smoking  
A composite scale measure of 7 questions assessing smokers’ knowledge about the health 
consequences of smoking was calculated and treated as a continuous explanatory variable in our 
models. These items began with the following statement: “I am going to read you a list of the 
health effects and diseases that may or may not be caused by smoking cigarettes. Do you think 
smoking causes…” with the following 7 health effects measured: stroke, lung cancer, 
emphysema, premature aging, coronary heart disease, oral cancer, and impotence in male 
smokers. Response options were “yes,” or “no,” with additional options for participants to 
declare that they “don’t know” or refuse to answer. Each item was coded as follows: “yes” 
(coded as 1) vs “no” and “don’t know” (coded as 0) while refused answers were treated as 
missing data (n= 88). A summary scale variable was created, reflecting a sum of the 7 items, 
with the range 0-7. Only subjects non-missing on all 7 items were included in analyses. This 
scale yielded a Cronbach`s alpha of 0.84.  
3.3.3. Covariates 
 Along with explanatory variables, some additional variables were added to our 
multivariable analyses to account for any potential confounding they may introduce. These 
variables are not of particular interest to our objectives; nonetheless, results for their analyses are 
provided in this thesis.  
3.3.3.1. Cigarettes Consumed Per Day 
To gauge each smoker’s cigarette consumption, all smokers were asked “on average, how 
many cigarettes do you smoke each day, including factory-made and hand-rolled cigarettes?” 
with participants giving open-ended responses. This number was then transformed, for these 
analyses, into four categories: 0-10 cigarettes (reference group), 11-20 cigarettes, 21-30 
cigarettes, or 31+ cigarettes per day, as is consistent with previous ITC studies.37 Categorizing 
this variable allows for interpretation of how heavier smokers, medium, and light smokers 
compare in terms of risk perceptions.78  Notably, the relationship between number of cigarettes 
per day and perceived likelihood was found to be non-linear in a previous study.78   This variable 
was therefore treated as categorical in our models, with 0-10 cigarette smokers as the referent 
group.  
3.3.3.2. City  
 Within our dataset, city-level differences within China are the highest available 
geographical units measured, that modelled fixed-effects strata. A categorical variable for these 
six cities were added to the model as a covariate due to potential clustering differences in the 
sampling design, in addition to the potential differences in risk perceptions of smoking between 
cities. Prior to analyses, the city with the lowest prevalence of risk perceptions at a bivariate level 
(Beijing) was treated as the referent group.  
3.3.3.3. Cohort 
 Given that the ITC China dataset consisted of four longitudinal waves, we added each 
participant’s cohort of recruitment into our dataset as a covariate for our multivariable analyses. 
Doing so accounted for any potential clustering by recruitment wave, and for the test re-test 
effect, whereby participants who have participated in multiple survey waves are able to provide 
more knowledgeable answers (i.e. greater perceived likelihood of developing a smoking related 
disease), due to previous exposure to questions.131 
3.4 Analyses 
 STATA 14 software was used for all analyses. Survey inflation weights were applied to 
both descriptive statistics and analytic analyses (see: Chapter 3.2.3 Survey Weights). Along with 
survey weights, design effects were also taken into account using STATA’s “SVY:” commands: 
participants were sampled through six city strata and further divided into randomly sampled, 
primary and secondary clusters, which represented their city district, and city block respectively 
(see: Chapter 3.1.2. Sampling), all of which were imputed in STATA. City-strata were also 
adjusted for in the multivariable analysis.  All analyses were restricted to complete cases (non-
missing) between the explanatory variables and the outcome measures. 
3.4.1. Sample Characteristics   
 Sample characteristics were measured for each of our explanatory variables, covariates, 
and the outcome variables. Descriptive analyses included frequency distributions for binary and 
categorical variables. An overall mean and standard deviation was reported for the health 
knowledge scale. Survey weights were applied to all descriptive analyses. All sample 
characteristics featured available-case data that was restricted to each measure’s individual 
missingness.  
3.4.2. Bivariate Associations 
 To address Objective 2, bivariate associations between each potential explanatory 
variable and risk perceptions were computed. For perceived likelihood of health risks (a 
dichotomous measure) we examined cross-tabulations for all dichotomous and categorical 
explanatory variables, applying appropriate survey weights as described above. Unweighted 
analyses were also conducted (shown in Appendix 2). A chi-square test was used to analyze 
statistically significant associations at a p<0.05 level in bivariate associations against the null 
hypothesis that variables are independent. A design-effect adjusted chi-square test statistic 
(presented as a survey-weight corrected F-test statistic) is a more robust inference test for a 
weighted survey, as STATA uses a default adjustment outlined by Rao and Scott (1984), to 
adjust for survey design-effect.132 
Further, bivariate logistic regression analyses were conducted with two-tailed Wald 
testing at 95% level of confidence to analyze the unadjusted associations between the 
explanatory variables and perceived likelihood of risk. Logistic regression results were expressed 
as odds ratios representing the relative odds of responding “much more” to a question assessing 
the likelihood of developing a smoking-related disease, compared to a non-smoker, if one 
continues to smoke as they do currently, at a null hypothesis that OR = 1.0, representing no 
difference in relative odds.   
3.4.3. Multivariable Weighted Logistic Regression  
 A multivariable weighted logistic regression model was conducted in STATA 14 using 
the “svy: logistic” function to analyze the association between explanatory variables, covariates 
and perceived likelihood measure. Survey weights were again applied to this model and a Wald 
test was used to determine significance with 95% confidence intervals used. The overall 
association between each categorical explanatory variable and this outcome was tested for 
adjusted significance using an F-Test.   
Assumptions of binary outcome, independence, and sufficient sampling size were 
satisfied by the treatment of our outcome variable (see: Chapter 3.3. Measures), cross-sectional 
sample, and large sample size (see: Chapter 3.1.1. Study Population). A test for collinearity was 
conducted for each explanatory variable using variance inflation factors (VIF). VIFs below 5.0 (a 
conservative cut-off)133 were considered to meet assumptions of non-collinearity. All presented 
multivariable analyses were weighted.  
3.4.4. Confounding  
Variables that were found to have no effect on our model at a bivariate level were still 
included in the multivariable model to reduce any potential confounding between significant 
explanatory variables and the risk perceptions of smoking, including all explanatory variables 
and our two covariates. This assured that confounding with the outcome did not occur by a third 
unaccounted variable, as all of our explanatory variables and covariates theoretically associate 
with our outcome for some reason or in some way. This is also consistent with the theory that 
bivariate relationships can be confounded by backdoor pathways, that are not always associated 
with an outcome at the bivariate level.134 
3.4.5 Missingness 
 Prior to conducting statistical analyses, the extent of missing data for all variables was 
assessed.  Missingness of data, including total missingness and item missingness (explanatory, 
covariate, and outcome) was assessed and presented in the next chapter.   
3.5 Reporting Findings: Adherence to STROBE Statement 
 When reporting the findings of this study we will adhere to guidelines relevant to cross-
sectional studies included in the STROBE statement. We present a STROBE flow-chart in the 
appendix.  
Chapter 4 
4. Results  
 4.1 Descriptive Statistics 
4.1.1. Sample Characteristics 
Sample characteristics based on a complete case analysis for all variables including 
weighted and unweighted percentages, are presented in Tables 1a and 1b, for outcome, 
explanatory variables, and covariates respectively. 
 Of the 4861 participants, women represented 3.6%, while 6.9% were non-Han. 17.7% 
were aged 18-39, 43.7% were 40-54 years old, and 38.6% were 55 years or older. Only 11.2% of 
the sample represented the lowest education category (those with an elementary school education 
or none at all) versus 64.7% of those in the intermediate (middle and high-school) and 24.1% of 
those in the highest education group (college and greater). 16.5% of our sample comprised those 
whose household earned 5000-6999 yuan per month while 14.2% earned 7000+ yuan per month, 
compared to 33.1% of those earning less than 2999 yuan per month, and 31.8% earning 3000-
4999 yuan per month.  On average, participants scored 4.23 (SD: 2.28) on the 7-point health 
knowledge scale.  
4.1.2. Perceived Likelihood of Getting a Smoking Related Disease 
Objective 1: To investigate the extent to which smokers in China perceive risks associated 
with smoking 
20.0% of smokers in China (95% CI: 17.6% to 22.8%) in our complete sample answered that 
they were “much more likely” to get a smoking related disease compared to a non-smoker, such 
that they continue to smoke as they do currently.   
  
Table 1a: Sample characteristics for explanatory variables based on complete-case analysis 
(n=4861)  
 Frequency 
(n=4861)* 
Unweighted 
Percentage (%) or 
Unweighted Mean (SD) 
Weighted percentage 
(%) or Weighted 
Mean (SD) 
Gender    
Male 4619 95.0 96.4 
Female 242 5.0 3.6 
Age    
18-39 932 19.2 17.7 
40-54 2175 44.7 43.7 
55+ 1754 36.1 38.6 
Ethnicity    
Non-Han 340 7.0 6.9 
Han 4521 93.0 93.1 
Education    
Elementary school or less 487 10.0 11.2 
Junior high school, 
technical school, or 
high school 
3131 
 
64.4 64.7 
College education or 
greater 
1243 
 
25.6 
 
24.1 
 
Household Income (yuan, 
per month) 
   
<2999 1613 33.2 33.1 
3000-4999 1519 31.3 31.8 
5000-6999 822 16.9 16.5 
>7000 705 14.5 14.2 
Refused or don’t know 202 4.2 4.4 
Health Knowledge scale 
(0-7 points) -- 
4.33 (2.26) 4.23 (2.28) 
 
  
Table 1b: Sample characteristics for covariates based on complete-case analysis (n=4861)  
 Frequency 
(n=4861)* 
Unweighted 
Percentage (%)  
Weighted percentage 
(%) 
Cigarettes smoked per day    
1-10  1909 39.3 37.2 
11-20  2300 47.3 47.5 
21-30 351 7.2 7.5 
31-130 301 6.2 7.8 
City    
Beijing 651 13.4 14.1 
Changsha 697 14.3 14.7 
Guangzhou 726 14.9 13.8 
Kunming 713 14.7 14.6 
Shanghai 684 14.1 15.0 
Shenyang 725 14.9 14.2 
Yinchuan 665 13.7 13.6 
Cohort    
Wave 1 recruit 1850 38.1 30.9 
Wave 2 recruit 355 7.3 6.4 
Wave 3 recruit 896 18.4 19.0 
Wave 4 recruit 1760 36.2 43.7 
 
 
Objective 2: To examine which factors (sociodemographic or lifestyle) are associated with 
risk perceptions of smoking among smokers in China.  
4.2. Bivariate Associations 
4.2.1. Bivariate Associations involving Perceived Likelihood of Getting a Smoking-Related 
Disease 
Table 2 presents complete case-weighted associations between the explanatory variables 
and the perceived likelihood measure (unweighted cross-tabulations are presented in appendix 
Table A1).  
A greater proportion (31.5%) of younger smokers (18-39 years old) indicated that they 
believed they were “much more likely” to develop a smoking related disease compared to 22.0% 
of older smokers (55+) and 18.6% of middle aged smokers (40-54 years old), an association that 
was significant (𝑝 < 0.001).  There were also significant differences by ethnicity with a higher 
proportion of non-Han (30.9%) smokers believing that they are “much more likely” to develop a 
smoking related disease, compared to Han (21.6%) smokers (𝑝 = 0.004). Respondents who 
indicated that they were “much more likely” to get a smoking related disease also had a 
significantly higher mean health knowledge scale score of 5.42 (SD: 1.63) compared to those 
who reported they were a little more likely, just as likely or less likely to get a smoking related 
disease, who scored 3.89 (SD: 2.32) on the 7-point scale, on average (𝑝 < 0.001).  None of the 
other associations between the explanatory variables and perceived likelihood were significant 
(see Table 2).    
Among covariates, both city and cohort were significantly associated with perceived 
likelihood, with 28.3% of Yinchuan residents, and 26.2% of Shenyang residents believing that 
they were “much more likely” to develop a smoking-related disease compared to 9.6% of 
Guanghzou residents (p <0.001). In terms of cohort, 29.0% of those recruited in the third wave 
believed that they were “much more likely” to get a smoking related disease compared to 17.5% 
of those recruited in wave one (p = 0.001). Number of cigarettes per day was not significantly 
associated with this perceived likelihood measure (p = 0.21). Bivariate regression models were 
also calculated and are presented in appendix 2.  
  
Table 2: Bivariate associations between perceived likelihood of getting a smoking related disease 
and explanatory variables. 
 Much more likely to get a 
smoking related disease 
% or mean (sd) 
Somewhat likely, just as likely, or 
less likely to get a smoking related 
disease 
% or mean (sd) 
Gender 𝐹(1, 79) =  1.570  𝑝 =  0.21 
Male 22.0 78.0 
Female 26.9 73.1 
Age (years) 𝐹(2, 128) =  8.989  𝑝 < 0.001 
18-39 31.5 68.5 
40-54 18.6 81.4 
55+ 22.0 78.0 
Ethnicity 𝐹(1, 79) =  8.929  𝑝 = 0.004 
Han 21.6 78.4 
Non-Han 30.9 69.1 
Education 𝐹(2, 135) =  2.126  𝑝 = 0.13 
Elementary school or less 16.7 83.3 
Junior high school, 
technical school, or high 
school 
22.8 77.2 
College education or 
greater 
23.1 76.9 
Household Income  
(yuan, per month) 
𝐹(4, 285) =  2.200  𝑝 = 0.08 
<2999 20.5 79.5 
3000-4999 22.1 77.9 
5000-6999 26.0 74.0 
>7000 24.8 75.2 
Refused or don’t know 13.3 86.7 
Cigarettes smoked per day 𝐹(3, 200) =  1.530  𝑝 = 0.21 
0-10  22.2 77.8 
11-20  23.7 76.3 
21-30 15.2 84.8 
31+ 20.0 80.0 
City 𝐹(4, 290) =  7.290  𝑝 < 0.001 
Beijing 15.6 84.4 
Changsha 13.7 86.3 
Guangzhou 9.6 90.4 
Kunming 22.0 78.0 
Shanghai 17.3 82.7 
Shenyang 26.2 73.8 
Yinchuan 28.3 71.7 
 ` 
Cohort  𝐹(2,175) =  6.440  𝑝 = 0.001 
Recruited in Wave 1 17.5 82.5 
Recruited in Wave 2 24.1 75.9 
Recruited in Wave 3 29.0 71.0 
Recruited in Wave 4 22.3 77.7 
Health knowledge scale**     𝐹(1, 79) = 171.38 𝑝 < 0.001 
5.42 (1.63) 3.89 (2.32) 
*Percentage for a given variable is exclusive of missing observations. 
**Mean (SD) health knowledge scale score 
  
4.2.2. Bivariate Associations Among Explanatory Variables and Covariates 
 
Further analyses were conducted to better understand associations among the explanatory 
variables and covariates. Such analyses may inform how interrelationships among the 
explanatory variables may affect the multivariable model. Significant bivariate associations were 
found for the following relationships among the explanatory variables: gender and income [F(4, 
279) = 3.69, p = 0.009], gender and education [F(2, 138) = 9.71, p <0.001], age and ethnicity [F 
(2, 124) = 3.94, p = 0.03], age and income [F(5, 410) = 5.14, p <0.001], age and education [F(2, 
171) = 20.74, p <0.001], ethnicity and health knowledge [F(1, 79) = 4.33, p = 0.041], income and 
education [F(4, 351) = 21.02, p <0.001], income and health knowledge [F(3, 77) = 4.73, p = 
0.004], and education and health knowledge [F(2, 78) = 5.26, p = 0.007]. No other bivariate 
associations between explanatory variables were significant.  
Associations among covariates, and between covariates and explanatory variables were 
also found, for instance there were significant associations between gender and cigarettes 
consumed per day [F(3, 209) = 12.97, p < 0.001], age and cigarettes consumed per day [F(4, 
318) = 4.88, p <0.001], age and city of residence [F(7, 571) = 6.21, p <0.001], age and cohort 
[F(5, 385) = 9.64, p <0.001],  ethnicity and city [F(4, 286) =28.74, p <0.001],  ethnicity and 
cohort of recruitment [F(3, 186) = 4.88, p <0.001], income and city [F(8, 629) = 3.76, p <0.001], 
education and cigarettes consumed per day [F(3, 204) = 5.14, p <0.003], education and city [F(4, 
332) = 4.88, p =0.005], education and cohort [F(4, 235) = 3.19, p = 0.025], education and city 
[F(5, 332) = 3.68, p = 0.005],  health knowledge and cigarettes per day [F(3, 77) = 6.88, p 
<0.001], health knowledge and city [F(6, 74) = 5.93, p <0.001], and city and cigarettes consumed 
per day  [F(5, 377) = 2.64, p =0.02], and city and cohort [F(7, 556) = 8.92, p <0.001]. No other 
bivariate associations between covariates, or between explanatory variables and covariates were 
significant.   
4.3 Multivariable Associations  
A weighted multivariable logistic regression model was conducted to estimate the odds of 
perceiving that one is “much more likely” to get a smoking related disease. Results of this 
regression are presented in Table 3 which includes associations for all explanatory variables, 
including gender, age, ethnicity, monthly household income, education, and health knowledge, 
adjusting for the effects of all other explanatory variables, and covariates.  
 Health knowledge was significantly associated with the perception that one is “much 
more likely” to get a smoking related disease, adjusting for all other explanatory variables and 
covariates. There was a 1.45 times greater odds (95% CI: 1.34 to 1.55) of smokers perceiving 
that they were “much more likely,” to get a smoking related disease per unit increase in health 
knowledge (p<0.001). This indicates that those who were more knowledgeable about the health 
risks of smoking were significantly more likely to believe that they are “much more likely” to get 
a smoking related disease. Age was significantly associated with perceived likelihood (p = 
0.003), with smokers aged 40-54 significantly less likely (OR = 0.55, 95% CI: 0.39 to 0.79) to 
perceive increased risk of health harms compared to those aged 18-39 (p =0.001).  Education 
was found to be significant in this model (p = 0.005), but neither those of the middle (OR: 1.37, 
95% CI: 0.90 to 2.08, p = 0.139) or highest education (OR: 0.95, 95% CI: 0.60 to 1.50), p = 0. 
818) were significantly more or less likely than the lowest educated group (those with 
elementary schooling or less) to believe they were at greater likelihood of getting a smoking 
related disease. Lack of significance for group comparisons may reflect assignment of the 
reference group. Further analyses revealed that when the highest educated (those of college 
education or greater) was treated as the referent group in this regression model, those with a 
junior high school, technical school, or high school education were significantly more likely to 
perceive “much more” risk of getting a smoking-related disease (OR: 1.44, 95% CI: 1.15 to 
1.82), p = 0. 002). We found no significance in terms of gender or ethnicity.   
 City of residence was associated with perceived likelihood (p <0.001). Relative to 
Beijing: Shenyang (OR: 1.86, 95% CI: 1.07 to 3.23, p = 0.028), Kunming (OR: 2.64, 95% CI: 
1.63 to 4.29, p < 0.001) and Yinchuan (OR: 2.11 95% CI: 1.14 to 3.91 p = 0.019) had a greater 
likelihood of perceiving greater risk due to smoking.  
  
Table 3: Logistic regressions models examining association between explanatory 
variables/covariates and perceived likelihood of getting a smoking-related disease. 
 
 Odds of perceiving “much more” likelihood of 
getting a smoking related disease* 
 
Odds Ratio (95% confidence interval), p-value 
 
Test statistic for 
explanatory variable 
(p-value) 
Gender   
F (1, 79) = 3.08 
p = 0.083 
Male Reference 
Female 1.49 (0.95-2.34), p = 0.083 
Age   
 
 
F (2, 78) = 6.12 
p = 0.003 
18-39 Reference 
40-54 0.55 (0.39-0.79), p = 0.001 
55+ 
0.74 (0.54-1.02), p = 0.065 
Ethnicity   
F (1, 79) = 1.46 
p = 0.230 
Non-Han Reference 
Han 0.78  (0.51-1.18), p = 0.230 
Education   
 
F (2, 78) = 5.80 
p = 0.005 
Elementary school or less Reference 
Junior high school, 
technical school, or 
high school 1.37 (0.90-2.08), p = 0.139 
College education or 
greater 0.95 (0.60-1.50), p = 0.818 
Household Income (yuan, 
per month)  
 
 
 
 
 
F (4, 76) = 1.69 
p = 0.160 
<2999 Reference 
3000-4999 1.13 (0.89-1.45), p = 0.315 
5000-6999 1.36 (0.99-1.87), p = 0.060 
>7000 1.41 (1.02-1.94), p = 0.035   
Refused or don’t know 0.76 (0.43-1.34), p = 0.343 
Health knowledge** 1.45 (1.34-1.55), p < 0.001 p < 0.001 
Cigarettes smoked per day   
0-10  Reference  
11-20  1.27 (0.98-1.65), p = 0.075 F (3, 77) = 1.52 
21-30 0.91 (0.57-1.45), p = 0.676 p = 0.215 
31+ 1.45 (0.97-2.16), p = 0.072  
City   
Beijing Reference   
Changsha 1.64 (0.89-3.01), p = 0.108  
Guangzhou 1.08 (0.65-1.81), p = 0.753  
Kunming 2.64 (1.63-4.29), p < 0.001  
Shanghai 1.07 (0.60-1.83), p = 0.798  
Shenyang 1.86 (1.07-3.23), p = 0.028 F (6, 74) = 6.67 
Yinchuan 2.11 (1.14-3.91), p = 0.019 p < 0.001 
Cohort   
Wave 1 Reference  
Wave 2 1.50 (0.91-2.46), p = 0.110  
Wave 3 1.30 (1.01-1.68), p = 0.039 F (3, 79) = 2.52 
Wave 4 1.29 (1.01-1.65), p = 0.041 p = 0.064 
*Perceiving “much more” likelihood of “getting” a smoking-related disease, compared to a non-
smoker, such that one continues as they do now.  
**Infers that a change in odds or beta-value relative to each 1.0 integer increase on our 7-point 
health knowledge scale.  
4.4 Missing Data 
 Item missingness for all variables are shown in Table 4. Missingness was not an issue for 
most variables. The only variables with 1.0% missingness or greater were perceived likelihood 
(1.0%) and the health knowledge scale (2.6%). For the regression model for the outcome 
variable, perceived likelihood of getting a smoking related disease, data were missing for 4.92% 
of the sample. The present findings of the logistic regression with the perceived likelihood 
outcome are restricted to observations for which complete data was provided, as per STROBE 
guidelines (see Figure 3). 4,861 observations were available for our logistic regression.   
Table 4: Missing Data 
Variable # of missing observations % missing 
Perceived Likelihood 51 1.0 
Health knowledge scale 130 2.6 
Income 13 0.3 
Education 47 0.9 
Gender 1 <0.1 
Ethnicity 7 0.1 
Cigarettes per day 23 0.5 
Age 5 0.1 
 
Chapter 5 
5. Discussion 
China has one of the highest rates of cigarette use worldwide and is disproportionately 
affected by smoking related diseases.5 Theory and evidence suggest that risk perceptions of 
smoking are a key factor linked to cigarette use.8,13–18 Thus, the aim of this thesis is to better 
understand the presence of risk perceptions of smoking, as well as factors associated with these 
risk perceptions in a large population sample in China. This research is expected to inform policy 
and prevention related to cigarette use. This study contributes to previous research by being the 
first study to examine the perceived likelihood of getting a smoking-related disease among a 
smoker-only sample in China. This chapter discusses the study findings for both objectives, in 
addition to describing the study strengths, limitations, and implications.  
5.1 Extent of Risk Perceptions of Smoking in China 
The first objective of this thesis was to investigate the extent of risk perceptions among 
smokers in China. Only about 20.0% of smokers responded that they are “much more” at risk of 
developing a smoking-related disease compared to a non-smoker. This means that, compared to 
other countries, a relatively smaller proportion of smokers in China perceived that they were at 
risk for getting a smoking related disease. For instance, Costello and colleagues (2012) examined 
perceived likelihood of getting both heart disease and lung cancer using data from the ITC 4-
country (4C) survey (Canada, USA, Australia and UK). They found that 35.5% and 32.7% of 
their sample had indicated that they were at “much more” risk of developing lung cancer and 
heart disease, respectively, compared to non-smokers.8  
These results are consistent with previous research examining risk perceptions of 
smoking in China. Yang and colleagues (2010), for example, found that a much lower proportion 
smokers in China indicated that they were “very” worried about smoking-related damage to their 
health,36 compared to a sample of smokers in Australia, Canada, United Kingdom, and United 
States.37  
 The relatively small proportion of smokers who perceived disease risk related to 
continued smoking among smokers in China is concerning in light of evidence that risk 
perceptions are associated with smoking and quitting behaviour. 8,15–18 Thus, this finding 
suggests that initiatives, such as graphic warning labels, or advertisement media bans may be 
needed in China to increase people’s perceptions of the health risks due to smoking.2  
5.2 Factors Associated With Risk Perceptions of Smoking 
 This thesis draws on the Health Belief Model, which asserts that socio-economic and 
health-related knowledge are important factors influencing risk perceptions.9–11 As such, the 
second and primary objective of this thesis was to identify factors associated with risk 
perceptions of smoking in China, including socio-economic factors (i.e., gender, age, ethnicity, 
education and income) and knowledge regarding the health effects of smoking.   
5.2.1. Gender 
 Gender was not found to be significantly associated with perceived likelihood of smoking 
related disease at the bivariate or multivariable level. This finding is consistent with Persoskie 
and colleagues (2014) who also found a non-significant association between gender and 
perceived likelihood in a sample of the population of China which included both smokers and 
non-smokers.77 However, these findings are inconsistent with research in Western countries 
where women were more likely than men to perceive the risks of developing smoking-related 
health outcomes.20,23,27,79,80  
 It is noteworthy that the number of female smokers who perceived risks associated with 
smoking in our sample was very low (n = 56). Some analyses for the association between gender 
and risk perceptions approached significance (see: Table 3, p<.08). Therefore, there may have 
been insufficient statistical power to detect differences between males and females. In Western 
countries, men are theorized to be less likely than women to perceive health risks due to 
traditional gender norms, as they are socialized to perceive fewer risks than women.82 However, 
it is very unusual for women to smoke in China.2,42 Thus, women who do smoke in China may 
be less conventional and less likely to conform to social norms than women who do not smoke. 
As such, their risk perceptions may be quite similar to those of male smokers.   
 However, because the sample size in the present study was small for women, more 
investigation is needed to better understand the relationship between gender and risk perceptions 
of smoking in China.  
5.2.2. Age  
 Age was significantly associated with the perceived likelihood of developing a smoking 
related disease. The multivariable logistic regression model revealed that middle aged people 
(aged 40-54 years) were almost half as likely as younger people (aged 18-39 years) to perceive 
risk of getting a smoking-related disease. However, the difference between young adults (18-39 
years) and older adults (aged 55+ years) was not significant.  
Another study conducted in China found age to be non-significant when using a 
continuous measure of age and in a sample of both smokers and non-smokers.77 However, use of 
a continuous measure may have obscured important differences between age groups, as were 
found here. Many other previous studies have used similar continuous measures of age with risk 
perceptions of smoking, some finding that older people have higher risk perceptions for various 
smoking-related consequences,53,85–88  while others found that younger people have higher risk 
perceptions.23,78,79,86 
Theories of how age may be associated with risk perceptions have suggested that younger 
people underestimate risks because they believe that they will be able to quit smoking before 
becoming addicted.12,92–94  Therefore, they believe they will not smoke long enough to be at risk 
of smoking-related consequences.12,92–94 While the present results may seem inconsistent with 
this theory, our measure of perceived likelihood questioned smokers whether they would ever 
develop a smoking-related disease if they continue to smoke. In contrast, many risk perceptions 
measures are not contingent on continuing to smoke. Hence, younger smokers may perceive 
greater risks of smoking if they consider a future where they continue to smoke.  
5.2.3 Ethnicity  
 This is the first study, to our knowledge, to investigate whether ethnicity is associated 
with risk perceptions of smoking in China. In bivariate analyses, Han people were less likely 
than other races to perceive that they would get a smoking related disease. However, ethnicity 
was not associated with greater perceived likelihood of developing a smoking-related disease 
after adjusting for other explanatory variables and covariates in the multivariable model.  
 Among high-income Western countries with predominantly Caucasian populations, 
23,78,97,99 the effects of ethnicity are mixed. 23,27,78,90,97–99 Some research in these countries 
indicates that visible minorities have lower levels of perceived risk compared with White people. 
23,29,30  Thus, health risks could be driven by differences in health equity; particularly, differences 
in SES, which are theorized to be driving racial and ethnic differences in risk perceptions.101 
However, in middle-income countries like China, it is possible that differences in ethnicity are 
not so strongly tied to health equity. Indeed, we found no association between ethnicity and 
either income or education in our sample. However, we did find significant bivariate associations 
between ethnicity and both city of residence and cohort of recruitment. Therefore, an attenuation 
in the effect of ethnicity in the multivariable model may be explained by the inclusion of other 
variables, such as city and cohort.  
Overall, given the mixed results in the literature, dearth of the literature in China, and 
non-significance of our findings when adjusting for other factors, we cannot confirm an 
association between ethnicity and risk perceptions of smoking.  
5.2.4. Education 
 While the bivariate analyses revealed no association between education and perceived 
likelihood of getting a smoking related disease, the multivariable analyses indicated that 
education was associated with a perceived likelihood. Despite this, no differences were found 
between specific categories of education (e.g. elementary school or less vs. college education or 
greater) in the multivariable model. Further analyses revealed that the choice of reference group 
affected whether a difference was found. When the reference group was changed, we found that 
those with a junior high school, technical or high school education were significantly more likely 
to perceive likelihood of getting a smoking-related disease than those with a college education or 
greater. 
These findings are therefore inconsistent with Persoskie and colleagues (2014), who 
found no significant differences in risk perceptions by educational level in a study conducted in 
China.70 These findings are also inconsistent with much of the other literature, conducted in other 
countries, demonstrating that higher education is associated with higher risk 
perceptions,23,31,33,78,88,102 as well as with the theory that those with higher education are more 
likely to have access to and to internalize health information.106   
Although the assumption of multicollinearity was not violated, further analyses revealed 
significant associations between education and all other explanatory variables and covariates 
included in our multivariable analyses, with the exception of ethnicity. Therefore, the unexpected 
effect of education may be influenced by the inclusion of other variables in the final 
multivariable model.  
5.2.5. Income 
 Monthly household income (in yuan per month) was non-significant, adjusting for other 
explanatory variables. These findings are inconsistent with other studies that have found 
significant positive associations between income and perceived likelihood.23,77,111 They are 
particularly inconsistent with a study which found income to be positively associated with 
perceived likelihood of lifetime cancer development in a general population sample China.77  
Findings from high-income countries for the link between income and risk perceptions 
may not apply to China. More specifically, in high-income countries, people of low SES are 
more likely to smoke, find smoking more acceptable,105,106 and have less access to prevention, 
health information relevant to smoking, and cessation-related resources than higher SES 
people.105,106 In contrast, in China, smoking is similarly prevalent among all income groups39,135 
and health information and other resources are generally insufficient.2,68  Thus, income may not 
be associated with risk perceptions of smoking, as demonstrated here. This suggests that there 
may be not be income inequities in access to health information, but rather an overall lack of 
health information affecting all income groups.36     
While many researchers argue that targeting interventions toward particular groups, such 
as those of low income, is a good way of alleviating disparities,107–110,136 the lack of an 
association between income and risk perceptions of smoking in China indicate that previous 
public interventions that been successful in other countries107–110,136 may be needed to target all 
income groups.2,68  
5.2.6. Health Knowledge 
 Knowledge of the health risks of smoking was highly associated with greater perceived 
likelihood of getting a smoking-related disease. Those with greater perceived likelihood of 
getting a smoking related disease scored higher on the health knowledge scale on average, 
compared to those who perceived less risk. These results are consistent with other studies that 
found positive associations between health knowledge and perceptions of smoking risk.23,34–36 
Considering the magnitude of the effect size (i.e. a 1.45 greater odds per unit on the 7-point 
scale) even after adjusting for all other explanatory variables and covariates, health knowledge 
appeared to be the most important explanatory variable for risk perceptions. To our knowledge, 
this is the first study to investigate this association in China. This finding also supports the 
Health Belief Model which theorizes that health knowledge influences risk perceptions.9,11  
Weinstein (2001) argues that, while perceptions of risk and knowledge of those health 
risks are conceptually distinct, a person must have knowledge regarding health risks to truly 
perceive potential risks for themselves; however, knowledge alone is insufficient to influence 
health behaviours.46 Thus, to perceive potential risks of smoking, one must first be aware of the 
health harms related to smoking. It is therefore possible that health knowledge mediates 
relationships between SES variables, and other potentially important explanatory variables, and 
risk perceptions. However, we tested the association between health knowledge and risk 
perceptions consistent with the Health Belief Model, which conceptualizes health knowledge and 
sociodemographic factors as modifying factors that influence risk perceptions (Figure 1). This 
model does not suggest that health knowledge is a mediator.  Future research could examine 
whether there is evidence for mediation using longitudinal analyses across survey waves to 
establish temporality.  
Evidence suggests that health knowledge for smoking-related risks is relatively low 
among smokers in China compared with other countries. For instance, Yang and colleagues 
found that among smokers, health knowledge proportions were consistently lower than that of 
smokers from the 4-country survey: e.g. 68.1% of smokers in China acknowledge that smoking 
causes lung cancer36 compared to  94.3% of smokers from the 4-country survey.137 The 
prevalence of perceived likelihood of getting a smoking-related disease found in this study is low 
compared to that of a study that used a measure with much of the same wording in high-income 
Western countries.8  Thus, the association between health knowledge and risk perceptions of 
smoking may explain the small proportion of smokers who perceive risk of getting a smoking-
related disease in China, as theorized by the Health Belief Model.9,11 Therefore, knowledge 
regarding smoking-related risks appears to be an important explanatory variable for risk 
perceptions of smoking and should be considered in the development of public-health 
interventions in China. 
5.2.7. Cigarettes Per Day 
 The number of cigarettes that a smoker consumed per day was not associated with risk 
perceptions. This is inconsistent with other studies that have found generally positive 
associations between cigarettes consumed per day and perceived likelihood of various adverse 
health outcomes.33,49,76,78,114,115 It has been theorized that lighter smokers tend to underestimate 
their risks of health harms due to smoking.33 This theory is based on studies conducted in high-
income Western countries33 and therefore may not apply to China.  
5.2.8. City Differences 
 Although not an explanatory variable of interest, city of residence was included as a 
covariate in our multivariable analysis to prevent bias by clustering.119  Interestingly, however, 
city of residence was found to be significantly associated with perceived likelihood of getting a 
smoking related disease.  Relative to smokers living in Beijing, those who lived in Shenyang, 
Kunming, or Yinchuan were significantly more likely to perceive that they were at greater risk of 
getting a smoking related disease. No other cities were significantly different from Beijing in 
their associations. This result is consistent with other literature.77 Therefore, city differences may 
need to be considered in future studies involving risk perceptions of smoking in China. City 
specific differences, such as population size, urban density, cigarette brand availability and 
regional policy differences may be influencing differences in risk perceptions of 
smoking.68,116,118   Future research is warranted to better understand how the each city’s 
population and policy characteristics may influence differences in risk perceptions of smoking.  
5.2.8. Cohort  
 Cohort of recruitment was included in our multivariable analysis to account for any 
effects of time in sample. This variable was non-significant in the final multivariable model, 
despite bivariate differential association with perceived likelihood of getting a smoking-disease.                                                                                                                                                                  
This finding was not expected, as previous research evidence suggests that individuals may 
become more knowledgeable over time after greater exposure to survey questions.131  
5.3. Study Strengths 
The present study used data from the ITC project, a representative sample of six cities in 
China, with a large sample size. This study improves upon previous research conducted in China 
which was restricted to two cities (i.e., Beijing and Hefei).77  
To our knowledge, this is the first study to investigate factors associated with risk 
perceptions of smoking among smokers in China. Persoskie and colleagues (2014) investigated 
how risk perceptions are associated with several of the same factors that our study investigated, 
but did so using a sample of both smokers and non-smokers. Therefore, their findings apply to 
risk perceptions of smoking among China’s general population, while ours focus exclusively on 
China’s smokers.77 Our study of smokers, whose health is of most concern, allowed for a more 
focused analysis without potential confounding by smoking status.58–67 Our study also improved 
upon the measure used by Persoskie and colleagues (2014) who measured the perceived 
likelihood of developing cancer in the person’s lifetime,77 while our measure broadened this 
definition to examine perceived likelihood of getting any smoking related disease. Our measure 
also assessed participants beliefs given their continued smoking, with participants asked about 
the perceived health effects of smoking if they continue to smoke as they do now. Despite the 
many ways perceived likelihood is operationalized, it has been recommended that future research 
uses measures that attach perceived likelihood of disease directly to a particular health 
behaviour, or lack of health behaviour.9,138  Such measures of perceived likelihood have been 
shown to better predict actual likelihood of person engaging in a health behaviour change.9 The 
current measure of risk perceptions of smoking is similar to those used in other ITC studies, 
making it possible to compare prevalence of risk perceptions in our sample to representative 
samples of other countries from studies that used the same ITC survey measure, such as Costello 
et al. (2012).8  
5.4. Study Limitations  
 This study also had several notable limitations. First of all, while we applied the Health 
Belief Model in our conceptualization of how factors may related to risk perceptions, we were 
unable to include another important part of the model, namely perceived severity.11  An item of 
perceived severity was available in our dataset, but unfortunately, there was a high number of 
missing cases (15.7%). Thus, we decided to exclude this measure from the analyses.  This 
measure asked people to estimate the number of years of life they believe a smoker would lose if 
that smoker developed a smoking-related disease. This may have been difficult to answer, 
perhaps resulting in many people choosing to leave it blank. In future research it will be 
important to study a combined measure of perceived risk and perceived severity as per the 
Health Belief Model. 
 The outcome measure, perceived likelihood of getting a smoking-related disease, also 
had potential issues. Most notably, there is a discrepancy between wording in the question stem 
and the response options which may have confused participants. While the question stem of the 
measure included the phrase “what are the chances,” each response option contained the word 
“likely,” (e.g. “much more likely,” “somewhat more likely”). This measure might be improved 
by changing the question stem to “how likely do you think you are…” to be consistent with the 
response options. Moreover, this question is quite complex, as it includes both a probability 
component (i.e., what are the chances”) and a conditional component (i.e., “if you continue to 
smoke”). Thus, it is possible that participants in lower education groups, who comprise a large 
proportion of the sample, may have had difficulty answering this question. 
 Another important limitation was the inability to establish temporal relationships between 
the explanatory and outcome variables due to our use of cross-sectional data. Notwithstanding, 
only a few studies investigating the risk perceptions of smoking have used longitudinal 
analyses;7,18,56,57,94 therefore, it will be important for future research to examine these 
associations longitudinally.  We used the ITC Wave 4 data set, collected in 2011 and 2012, 
which was the newest publicly available data pertaining to tobacco use in China.  Therefore, any 
changes since this time will not be captured in our results. This dataset also can only generalize 
to China’s urban population, as no rural sample was included in Wave 4 data collection. Wave 5 
of ITC improves upon this,126 as did Persoskie and colleagues (2014), who included population 
data from rural and urban areas of Beijing and Hefei.77  Another limitation is a focus on main 
effects only. There may be important interaction effects among the explanatory variables of 
interest. For example, it will be important in future research to test for effect modification of 
gender by age, education, and income, to further understand risk perceptions of smoking in 
China.  
5.5. Implications for Future Research 
 Given that most research on risk perceptions of smoking focus on perceived likelihood 
rather than perceived severity,69 future research on risk perceptions should also consider 
perceived severity to better reflect the Health Belief Model.122 Additionally, as recommended 
previously, it will be important in future research to include other measures in the Health Belief 
Model, including individual perceptions, self-efficacy, cues to action, perceived benefits, and 
perceived barriers.9 
 A large amount of research in this area was conducted in high-income Western countries. 
More research is therefore needed in low- and middle-income countries to establish what 
explanatory variables are associated with risk perceptions in these countries. Studies conducted 
in China can benefit from sampling in rural areas in addition to urban areas, and, like other risk 
perceptions research, can also benefit from longitudinal analyses to establish better evidence for 
causation.  
5.6. Implications for Better Policy 
 A large majority of smokers in China do not believe that they are at health risk from 
smoking. China, like many other low- and middle-income countries, lacks the same extensive 
tobacco control policies as some high-income Western countries.2 For instance, China lags 
behind many higher income countries in terms of monitoring health population trends, warning 
labels standards, media bans, and taxation.2 Therefore, simple restrictions consistent with the 
Framework Convention on Tobacco Control (FCTC) should be considered in China, such as 
better implementation of graphic warning labels, implementing public service advertisements 
against smoking, and banning tobacco advertisements, are important for changing risk 
perceptions and ultimately smoking behaviour. 
Such interventions align with theory from the Health Belief Model. For instance, 
knowledge of health risks is theorized to directly affect perceived likelihood and severity of 
health risks.9,11 Some authors have advocated that further intervention in high-income Western 
countries be targeted to the highest risk groups, namely those in low income and low education 
groups.107–110,136 Given the lack of association between most sociodemographic variables and 
perceived likelihood of getting a smoking-related disease as well as the low prevalence of risk 
perceptions overall,  interventions may be needed that target all smokers in China, regardless of 
their background.  
Further, laws banning tobacco advertisements may be another important prevention 
strategy in China, given their theorized link to risk perceptions.139 More stringent tobacco control 
policies may indirectly affect the social acceptability of smoking as well as risk perceptions, 
which in turn may reduce smoking.140,141 Previous research has shown that banning public 
smoking has lowered the acceptability of smoking which subsequently affected risk 
perceptions.140,141  
5.7. Conclusion 
 In conclusion, the prevalence of perceived likelihood of getting a smoking related disease 
in China is relatively low compared to other countries,8 as is consistent with previous 
literature.36,77  Only three explanatory variables, health knowledge, education, and age were 
significantly associated with perceived likelihood of getting a smoking-related disease. The 
youngest adult smokers (aged 18-39 years) had significantly greater risk perceptions in our study 
than those aged 40-54 years old, as is consistent with certain theories12,92–94   and some, but not 
all, research.23,78,79,86 Education was associated with perceived likelihood of getting a smoking-
related disease at a multivariable level but not at a bivariate level, and therefore be affected by 
other variables included in the multivariable model. The positive association between health 
knowledge and perceived likelihood was statistically significant and consistent with the Health 
Belief Model. A lack of health knowledge may be influencing low prevalence of perceived 
likelihood of getting a smoking disease among smokers in China.  
Future research may be needed examining potential mediating effects of health 
knowledge and longitudinal data are needed to better illuminate the mechanisms by which 
explanatory variables are linked to risk perceptions. Future analyses may need to incorporate 
further study of city of residence, as it was found to be significantly associated with risk 
perceptions.  
This research suggests that better public tobacco control policies and interventions may 
be needed in China to inform smokers of the dangers of smoking. Evidence has shown that 
graphic warning labels,68,142 public service announcements,143  smoking bans, 140,141 and 
advertisement bans,139  are effective in changing perceptions and smoking behaviour, and thus 
these strategies are recommended. Given that we found few socio-demographic differences in 
risk perceptions, risk perceptions of smoking appear to be equally insufficient among all smokers 
in China. Thus, tobacco policy and prevention may be needed that target all sociodemographic 
groups.    
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Appendices 
 
Appendix 1: STROBE Protocol 
 
 
Figure 3. STROBE diagram for perceived likelihood  
 
 
  
 
Appendix 2. Additional Tables  
Table A1: Unweighted bivariate associations between perceived likelihood of getting a smoking 
related disease and explanatory variables. 
 
 
 % participants who responded 
“much more” to perceived 
likelihood measure 
% participants who did not 
respond “much more” to 
perceived likelihood measure 
Gender 𝑋2(1) = 0.543   𝑝 = 0.461 
Male 22.8 78.0 
Female 24.8 73.1 
Age (years) 𝑋2(1) = 31.011  𝑝 < 0.001 
18-39 29.3 68.5 
40-54 29.1 81.4 
55+ 22.8 78.0 
Ethnicity 𝑋2 (1) = 13.359   𝑝 = 0.478 
Han 22.3 78.4 
Non-Han 30.9 69.1 
Standardized education 𝑋2 (2) = 4.283   𝑝 = 0.117 
Low 19.3 83.3 
Medium 23.0 77.2 
High 23.9 76.9 
Household Income  
(yuan, per month) 
𝑋𝑋 2(1) = 13.276 𝑝 = 0.010  
<2999 22.5 79.5 
3000-4999 23.4 77.9 
5000-6999 22.3 74.0 
>7000 25.8 75.2 
Refused or don’t know 13.9 86.7 
Cigarettes smoked per day 𝑋2 (3) = 2.683   𝑝 = 0.443  
0-10  22.5 77.8 
11-20  23.4 76.3 
21-30 22.3 84.8 
31+ 25.8 80.0 
City 𝑋2 (6) = 99.179  𝑝 < 0.001  
Beijing 19.7 84.4 
Changsha 18.7 86.3 
Guangzhou 15.9 90.4 
Kunming 33.2 78.0 
Shanghai 18.2 82.7 
Shenyang 25.1 73.8 
Yinchuan 29.4 71.7 
Cohort  𝑋2 (3) = 40.493   𝑝 < 0.001  
Recruited in Wave 1 18.5 82.5 
Recruited in Wave 2 20.6 75.9 
Recruited in Wave 3 28.0 71.0 
Recruited in Wave 4 25.3 77.7 
Health knowledge scale     
Weighted  scale mean if (SD)   
5.42 (1.63)  
Weighted Scale mean if perceived 
likelihood  (SD)  
3.89 (2.32) 
 
Weighted Test 𝐹(1, 79) = 171.38 𝑝 < 0.001 
 
Table A2: Bivariate logistic regressions models examining association between explanatory 
variables/covariates and perceived likelihood of getting a smoking-related disease. 
 
 
 Odds of perceiving “much more” likelihood1 
Crude Odds Ratio (95% confidence interval), p-value 
Test statistic for 
explanatory variable 
(p-value) 
Gender   
 
𝐹(1, 79) =  1.56  
 𝑝 = 0.22 
Male Reference 
Female 
1.31 (0.854, 1.996), p = 0.215 
Age   
 
𝐹(2, 78) =  6.44  
 𝑝 = 0.003 
18-39 Reference 
40-54 0.50 (0.337 ,0.737), p = 0.001 
55+ 0.613 (0.426, 0.882), p = 0.009 
Ethnicity   
𝐹(1, 79) =  8.78  
 𝑝 = 0.004 
Non-Han Reference 
Han 0.614 (0.442, 0.852), p = 0.004 
Standardized 
education 
  
 
𝐹(2, 78) =  1.75  
 𝑝 = 0.18 
Elementary school 
or less Reference 
Junior high school, 
technical 
school, or high 
school 1.47 (0.974, 2.227), p = 0.07 
University 
education or 
greater 1.49 (0.901, 2.468), p = 0.118 
Household Income 
(yuan, per month)  
 
 
 
 
 
 
𝐹(4, 76) =  2.18  
 𝑝 = 0.08 
<2999 Reference 
3000-4999 1.10 (0.868 ,1.396), p = 0.424 
5000-6999 1.36 (0.944,1.967), p = 0.096 
>7000 1.36 (0.944,1.967), p = 0.114   
Refused or don’t 
know 
0.60 (0.340 ,1.055), p = 0.075 
 
Health knowledge2  1.42 (1.35 ,1.512), p < 0.001 p < 0.001 
Cigarettes smoked per 
day  
 
0-10  Reference  
11-20  1.09 (0.832, 1.431), p = 0.075 F (3, 77) = 1.89 
21-30 0.67 (0.414, 0.949), p = 0.028 p = 0.139 
31+ 0.88 (0.499, 1.542), p = 0.646  
City   
Beijing Reference   
Changsha 1.59 (0.770, 3.266), p = 0.207  
Guangzhou 1.12 (0.565, 2.232), p = 0.736  
Kunming 3.06 (1.604, 5.833), p = 0.001  
Shanghai 1.28 (0.643, 2.529), p = 0.482  
Shenyang 2.17 (1.110, 4.237), p = 0.024 F (6, 74) = 13.09 
Yinchuan 2.41 (1.205, 34812), p = 0.013 p < 0.001 
Cohort   
Wave 1 Reference  
Wave 2 1.50 (0.966, 2.333), p = 0.070  
Wave 3 1.93 (1.606, 2.317), p < 0.001 F (3, 77) = 17.41 
Wave 4 1.36 (0.998, 1.843), p = 0.052 p < 0.001 
 
1. Perceiving “much more” likelihood of “getting” a smoking-related disease, compared to a non-
smoker, such that one continues as they do now.  
2. Infers that a change in odds or beta-value relative to each 1.0 integer increase on our 7-point 
health knowledge scale.  
 
Table A3: Collinearity Matrix  
Variable Variance Inflation Factor 
City 1.06 
Income 1.06 
Education 1.18 
Health knowledge 1.01 
Gender 1.02 
Ethnicity 1.03 
Cigarettes per day 1.02 
Age 1.10 
Cohort 1.05 
 
  
Table A4: ITC China Wave 4 Raw Measures Used in our Analyses 
 
Question (Question Number) Responses 
"If a smoker got a smoking-related disease, such as lung 
cancer, heart disease, or emphysema, how much shorter, 
if at all, do you think his/her life would be? Estimate the 
number of years of life that the smoker would lose, or say 
'zero' if you think his/her life would be no shorter.” (186) 
 
______ years 
“If you continue to smoke as much as you do now, 
compared to a non-smoker, what are the chances that you 
will get a smoking-related disease?” (169) 
(1) Much more likely  
(2) Somewhat more likely 
(3) A little more likely  
(4) Just as likely  
(5) Less likely 
(8) Refused (Don't read)  
(9)  Don't know (Don't read)  
 
“In the last year, on average, how much was the total 
income per month of your household?” (184) 
     (1)  <1000 Yuan 
     (2)  1000-2999 Yuan 
     (3)  3000-4999 Yuan 
     (4)  5000-6999 Yuan 
     (5) 7000-8999 Yuan  
     (6) 9000 Yuan or above 
     (8) Refused (Don't read)  
 
“What is your highest education? (185) [Options were not read, but were coded as follows:] 
(1)  No education  
(2)  Elementary school  
(3) Junior high school  
(4) High school, technical high school  
(5) College  
(6) University or higher 
(8) Refused  
“Just to wrap up, we have a few questions for statistical 
purposes. Please be assured that all your responses will be 
kept entirely confidential.  
What is your gender?” (181) 
 
(1) Male 
(2) Female 
‘What is your date of birth?” (191) ________ 
 
“What is your ethnic group?” (187a; 187b) (1) Han 
(2) Zhuang  
(3) Man  
(4) Hui  
(5) Miao  
(6) Uygur  
(7) Yi  
(8) Tujia  
(9) Mongolian  
(10) Tibetan  
(11) Others  
(98) Refused (Don't read)  
 
Other ethnicity?  ______________ 
 
“I am going to read you a list of health effects and 
diseases that may or may not be caused by smoking 
cigarettes. Do you think smoking causes . . . “ 
(074a;074b;…;074g) 
 
(1) Yes 
(2) No 
(8) Refused (don’t read)  
(9) Don’t know (don’ read) 
“Stroke?” 
“Lung cancer in smokers?” 
“Emphysema” 
“Premature aging? 
“CHD?” 
“Oral cancer?” 
“Impotence in male smokers?”  
1. Indicates that question was asked at baseline or at Wave 4 as a replenishment observation. 
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